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the EAPAD conference for 22 years
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Electroactive Polymers Actuators and Devices (EAPAD) Conference
SPIE Smart Structures and Materials/NDE Symposium

Held online as Digital Forum during the week of 27 April to 1 May, 2020.
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PMMA based Electrostrictive Polymers (ESP)

Aln 1995: | won a NASAeleRobotidNorking Group '
(TRI WG) proposal call ed]

Actuators LoMMAS) 0

AThe proposal was based @hara, et al
"Electrostriction of polymethyiethacrylates
(PMMA), Golloid and Polymer Scienc®ol. 260
(1982), pp. 164168

ARealizing that the published data is wrong, |
switched the term from ESP to electroactive
polymers (EAP) and focused on what can be done
using IPMC and DE.

AThis paper was pivotal to my initiating the EAPAD
Conf. using the field EAP
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Ref.: Ohara, etal, (1982) "~ [y )



The start of the EAPAD Conf.

A | initiated the EAPAD Conf. in 1999 has been in recognition for the need to have an EAP
Information exchange forum

AThe SPI E®6s SSyap has b&h thabest forumefa the EAPAD Conf. SPIE
required minimum of 20 papers and, in the first Conf., we had about 50.

A In the opening of the conference, | announced\thavrestling challenge.

A Over its 22 years, EAPAD became the world largest Conf. about EAP with organization
committee consisting of representatives from 32 countries.

A The conference is attended by internationally leading experts in the EAP field including
members of academia, industry, and government agencies from the USA and overseas.
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Historical prospective (presented In 1999@

1 Thepioneeringof the EAP field canbe attributedto E g u ¢ 19R50eporteddiscovery
of anelectretmaterial*

- Producedwhen carnaubawvax, rosin and beeswaxare solidified by cooling while
subjectedo DC biasfield.

1 Another important milestoneis the 1969 observationof a substantialpiezoelectric
activity in PVF2.

- PVR2films wereappliedassensorsminiature actuatorsandspeakers

1 Sincetheearly70s, thelist of new EAP materialshasgrown considerabljbut the most
progressstartedto be madein the 90s.

* Electretsare dielectric materialsthat can store chargesfor long times and producefield variation in reactionto
pressure
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Electroactive Polymers (EAP)

Based on their activation mechanism, | divided EAP
materials into 2 major groups:

ELECTRONIC/FIELD ACTIVATABLE EAP

A Dielectric Elastomers ;Zrégeg‘;gmf”
A ElectrostrictiveGraft Elastomers Zhang, Penn gtate
A ElectrostrictivePaper University, USA
A ElectroViscoelastic Elastomers

A Ferroelectric Polymers

A Ligquid Crystal Elastomers (LCE)

IONIC EAP

A Carbon Nanotubes (CNT) IPMC made by
A Conductive Polymers(CP) g?\ilé‘:kiogurq

A ElectroRheologicaFluids (ERF) - -aben

A lonic Polymer Gels (IPG)

A lonic Polymer Metallic Composite (IPMC)




Electronic EAP

Jet Propulsion Laboratory
Califomia Institute of Technology

ELECTRIC FIELD DRIVEN ACTUATORS

Paper EAP

[J. Kim, InhaUniversity, Korea]
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lonic EAP

Turning chemistry to actuation

IPMC

[JPLusing ONRI, Japan & UNM
materials]
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lonic Gel
[T. Hirai, Shinshu University, Jap&an

Conductive Polymer
[San Sebastian U., Spain, and JPL
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ElectroRheologicaFluids (ERF)
[ER Fluids Developments Ltd]

Force Force

CarbonrNanotubes
[R. Baughman et al, Honeywell, et al|
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Summary of the two major EAP groups
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EAP type Advantages Disadvantages
lonic EAP 1 Producing large bending 1 Except for CPs and CNTs, ionic EAPs do not hold strain under L
displacement voltage
1 Requiring low activation voltage |1 Their response is slow (fraction of a second)
1 Naturally exhibiting bidirectional |9 Bending EAPs induce a relatively low actuation force
actuation that depends on the 1 Except for CPs, itis difficult to produce these materials with
polarity of the voltage. consistent content
1 They involve agueous system and requires maintaining the
electrolyte content when operating in air.
1 They sustain electrolysis at >1.23 V that causes irreversible pro¢
1 They have a low electromechanical coupling efficiency.
Field 9 Can operate in room conditions fol § They require high field strength and this can result in breakdown.
activated EAP long time For dielectric elastomersfields of order of 150 Vim may be
91 Exhibit rapid response at mSec needed and ~10% strain can be induced. Using composite DE «
levels for lower activation voltage (~20 ) [Bar-Cohen 2004; Cheng
1 Can hold strain under DC activatign  and Zhang, 2008].
1 Induces relatively large actuation | The electrostriction dictates mopolar actuation that is independe

forces

of the voltage polarity.




1999: Electroactive Polymer

Dust wiper

IPMC was used to develop a dust wiper for

planetary applications

Miniature robotic arm

A stretching EAP is used to lower a robotic arm, while bending EAP fingers
operate as a gripper. The technology is being developed to enable miniature

sample handling robotics.
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(EAP) Applications at JPL

FLEX AND GRASP
A ROCK.
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EAP Infrastructure

Bending EAP Longitudinal EAP
EAP material pool IPMC Bimorph EAP Conductive Nanotubes Electrostatic Piezoelectric
polymers
EAP mechanism Non-linear Enhancing capability of - FEM & Molecular Science
understanding and electromechanical existing EAP materials, and Engineering
enhancement modeling composites, etc. - New material synthesis

| |
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. . Micro- Support processes and
Material Shaping layerin integration Miniaturization and
EAP Processing | fabrication (fibers, films, yering 9 . natt ;
. (ISAM & Ink- (Electroding, protective application techniques
techniques etc.) L : .
printing) coating, bonding, etc.)
Tools/support elements Sensors Actuators MEMS
Miniature Robotics General applications and devices
Insect-like robots - Inflatable structures shape control
Devices/Applications End effectors . Muscle-like actuators
Manipulators - Surface wipers

Miniature locomotives




Jet Propulsion Laboratory
Califomia Institute of Technology

The grand challenge for EAP as
Artificial Muscles
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he First Arm -wrestling Contest
March 7, 2005

EMPA, Dubendorf, Switzerland use
dielectric elastomer in 4 groups of mul™
layered scrolled actuatdrsghis armgd
lasted 4sec. §

Environmental Robots Inc. (ERI), Albuquerq
NM, used shape memory polymer strij

Students from VT used PAN gel fibers and an
electrochemical cell this arm lasted-3ec.
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The 2006Armwrestling Contest

A The strength and speed of the competing arms was measured using a test fixture and the data
was compared with the performance of the female student who wrestled in 2005.

AThe studentodés strength and speed were two o

|

\LFDHEE GALGE

fiém FIvODT FIXED HERE
[ACTUAL ARM WILL REFLACE
THIS REFPRESEWMTAT[OM)

UNITS LN MILL IMETERS



Jet Propuision Laboratory
California Institute of Technology

The 2nd Armwrestllng Contest (2006)

Strongest arrg

Fastest arm
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Milestone advance in March 2014
Thermally activated nylon torsional actuators
UT Dallas demo
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Contractile dielectric elastomer EAP actuators
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Multilayered dielectric elastomerin passive (left) and activated states (right) [Courtesy of Gabor Kovacs, EMPA
Dubendorf Switzerland]
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Automotive Industry Trends
1995 2005 Patents

Courtesy: Nancy L. Johnson, General Motors R &\yren, Ml



